Brachygnathia superior and generalized diarthrodial degenerative joint disease were seen in 1 7 related, purebred Angus calves ranging in age from 2 days to 4 months. Craniometrical studies revealed decreased maxillary and palatine bone lengths and increased cranial, skull, and facial indices. Radiological evaluation of major appendicular joints demonstrated lipping of the joint margins with osteophyte formation, sclerosis of subchondral bone, and narrowing of joint spaces. Synovial fluid evaluation indicated joint degeneration but no etiologic agent. Rheumatoid factor analysis of plasma was negative. Grossly, all major appendicular joints were defective including the atlanto-occipital articulation. Lesions ranged from loss of surface luster to erosions and deep ulcers with eburnation of the subchondral bone and secondary proliferative synovitis. Histological changes were degeneration of the articular cartilage matrix, chondrocyte necrosis, flaking and fibrillation, chondrone formation, erosions and ulcers of the articular cartilage with subchondral bone sclerosis, vascular invasion with fibrosis, and chronic, nonsuppurative, proliferative synovitis. Growth plates had defective chondrocyte proliferation and hypertrophy with aberrant ossification of calcified cartilaginous matrix. Histochemical analysis of cartilage and bone failed to incriminate which component was defective, glycosaminoglycan or collagen, but indicated different distribution or absence of one or the other. Genealogic studies revealed a genetic basis for the new defect.
Brachygnathia superior is characterized by shortened maxillae and is related to brachycephalia. l49l6 It is uncommon in cattle, either as a single, isolated defect or associated with other defects. Degenerative joint disease is a chronic, non-inflammatory disorder of moveable diarthrodial joints characterized by articular cartilage degeneration and secondary proliferative joint change^.^,^^,^^,^^ It is the most common condition involving diarthrodial articulations in cattle, with a higher incidence in ma1es.11J4, 37 Normal bovine articular and epiphyseal cartilages are hyperhydrated tissues composed of chondrocytes bathing in a sea of collagenous matrix. Matrix water content may range as high as 80% with the remaining macromolecular organic solids consisting of about equal parts collagen (Type 11) and glycosaminoglycan. 1,2,s, 20 The collagen content of organic matrix of calf articular cartilage is greater than epiphyseal plate cartilage while the glycosaminoglycan content of organic matrix of calf epiphyseal plate cartilage is greater than articular cartilage.s Changes in the composition of articular cartilage have been described previously with degenerative joint disease. 1 
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Macromolecular organic solids can be qualitatively evaluated by histologic differential staining techniques. Histologically, the earliest sign of degenerative joint disease is depletion of the glycosaminoglycan com-ponent of cartilage and loss of metachromatic stain-Bovine congenital defects have been reviewed recently, and the association of brachygnathia and joint degeneration was not i n c l~d e d . '~, '~ A new syndrome consisting of brachygnathia superior, generalized degenerative joint disease, and poor viability has been observed in purebred Angus calves. Reported here are gross and microscopic findings of facial structures and diarthrodial articulations of affected calves.
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Materials and Methods
The report of two Angus calves in Virginia with abnormal heads, enlarged joints, and impaired mobility was received as part of a long-term study of the nature, frequency, and cause of congenital defects of cattle at Kansas State University. 16 Since both calves had the same sire, an investigation in cooperation with the American Angus Association revealed 15 similar cases distributed in North Dakota, Maryland, Missouri, California, Illinois, Ohio, Michigan, and a third from the original herd. Two other herds in Nebraska provided eight verified cases of the same syndrome but were not included in the study.
The same bull sired all 17 affected calves via artificial insemination (AI) ( Table 1) . Owners were contacted and calves were obtained by Kansas State University for evaluation.
Calves were examined and photographed. Blood samples from six of the 17 calves were collected for chemical and 
hematologic assay, and plasma from six calves was held for rheumatoid factor testing (Veterinary Reference Laboratory, Salt Lake City, UT). Cells in blood samples from two affected calves were karyotyped as by Eld~idge.~ Joint fluid obtained by aseptic arthrocentesis of enlarged joints of six calves was evaluated for turbidity, color, specific gravity, viscosity, mucin clot test, cellular constituents, and differential cell count. After initial evaluations, calves were hospitalized for future testing, however, they deteriorated rapidly and consequently were euthanatized with intravenous T-6 1 solution (American Hoechst Corporation, Somerville, NJ). After euthanasia, calves were subjected to a standardized necropsy, and six were radiographed. Tissues for histologic examination were taken from the central nervous system, endocrine glands, heart, skeletal muscles, spleen, lymph nodes, liver, kidneys, lungs, synovial membranes, and articular cartilage with bone. All tissues, except bone, were fixed in 10% buffered neutral formalin (BNF) for 24 hours, processed routinely, embedded in paraffin, sectioned at 6 hm, and stained with hematoxylin and eosin (HE).I9 Bone sections were cut into 3 mm to 6 mm slices, fixed in 10% BNF for 10 days, washed in water for 3 to 4 hours, drained, and placed in 8% sulfosalicylic acid solution for 10 days. Bones were sliced and processed routinely, sectioned at 6 hm, and stained with HE, alcian blue, azure A eosinate, Mason's trichrome, and Lillie's a l l o c h r~m e .~~J~~~~ The same procedures were repeated with two normal Angus control calves.
Heads from two defective and two control calves were collected at necropsy, macerated in water and exposed to air, defatted in boiling water, washed in commercial detergent and water, and bleached with hydrogen peroxide. After drying, bones were glued together and lacquered. Skulls were measured as described by Evans and Christensen.IO
Results
Affected calves had pronounced brachygnathia superior, were depressed, unable to stand, and often were found in sternal recumbency with marked rumen tympany ( Figs. 1,2 ). If forced to stand, they were reluctant to move. Several joints, particularly tarsal and humero-radio-ulnar, were markedly distended by fluid. Crepitant sounds could be elicited from the joints with movement.
Seventeen affected calves, each sired by the same Angus bull, were examined and necropsied (Table 1) . There was no sex predilection, seasonal or geographical involvement. Another eight cases were verified but not included in the study; all were females and all died within 4 months of age.
The most significant external changes involved the head and appendicular joints. Mandibles were normal and protruded the upper jaw to a variable extent. The entire facial skeleton appeared hypoplastic and gave the calves dwarf-like facial features ( Fig. 1 ). Eyes were set widely apart, and the cranial skeleton compressed the brain. Examination of facial and cranial bones revealed shortened compressed maxillae, well-formed palatine shelves, depressed frontal bones, well-formed parietal bones, and compressed occipital condyles.
Eight of the 17 calves had erosions of the occipital condylar articular cartilages ranging from 1 mm to 12 mm in diameter. Erosions were usually multiple, and a few were also present on the cranial articular facets of the atlas.
Major joints of the appendicular skeleton consistently revealed significant changes in the joint capsules and cartilaginous surfaces ( Figs. 3, 4 ). Joint capsules of the scapulo-humeral, humero-radio-ulnar, acetabulo-femoral, and femoro-tibia1 joints were thickened. All joint surfaces had erosions ranging from a few millimeters to ulcers of the entire joint surface leaving only peripheral cartilaginous rims. Exposed subchondral bone was eburnated (Figs. 3, 4) .
Hematologic examinations of blood from six affected calves were compared with normal bovine values observed by the Clinical Pathology Laboratory at Kansas State University (Table 2) . Results indicated a decrease in total protein (6.4 -t 0.6 gYo) and an increase in erythrocytes (1 1.3 k 1.1) x 1 O6 compared to normal bovine blood values. All six calves tested for plasma rheumatoid factor were negative (Table 1) . No morphologic abnormalities in number or shape were in the chromosomes of the two calves karyotyped.
Synovial fluid was examined from the tibio-tarsal joint of six of the 17 defective calves. In two samples, the fluid was cloudy or turbid; in three it was yellow or amber, and in the other three, blood-tinged. Specific gravity of synovial fluid ranged from 1.01 1 to 1.02 1.
Mucin clot test values ranged from poor to normal; two of the six calves had poor mucin clot tests, one had a fair value, and the other three were normal. Erythrocytes were present in all samples (Table 3) .
Synovial fluids from 12 of the 17 calves were bacteriologically evaluated; eight (67%) were sterile, and no significant bacteria were isolated from the remaining four samples (Table 1) .
White blood cell counts (WBC) ranged from 76 to 2,600 cu mm for five samples (one sample was too turbid for evaluation). Differential WBC revealed a neutrophil percentage ranging from 0 to 77%; lymphocytes ranged from 2 to 24%; and monocyte and macrophage combined ranged between 11 and 98% ( Table 3) .
Six of the 17 defective calves were radiographically evaluated post-mortem (Table 1) . Cranioradiography revealed marked brachygnathia superior with some articular surface with intra-articular and capsular mineralization and subchondral bone sclerosis was seen in the most severe cases. Differences in craniometrical measurements were found between defective and control calves (Figs. 5, 6) . Palatine and maxillary bones were most affected, causing increased cranial, skull, and facial indices.
Except for one calf with bilateral acute, suppurative, glomerulonephritis, abnormal microscopic findings were confined to synovia and articular and growth plate cartilages. Articular cartilage lesions varied in severity. Mild and early lesions included focal chondromalacia with loss of chondrocytes in the superficial tangential layer, roughening of articular surface, and tangential flaking of articular cartilage (Fig. 7) . Lesions progressed to further degeneration of cartilage. Death of chondrocytes left empty lacunae and increased chondrocytic mitosis of the periphery of malacic lesions, and mitotic clones or chondrones were consistently present. Fissures were oriented perpendicularly to the surface, forming deep chasms or crevices, and fibrillation was also present (Fig. 8 ).
Erosions became deeper in severely affected joints and disrupted the subchondral vessels. Blood from subchondral tissue hemorrhaged into the ulcers, bringing plasma proteins and inflammatory cells. Granulation tissue with fibrosis soon followed, and subchondral boney spicules thickened and became sclerotic (gross eburnation) ( Figs. 9, 10 ).
In the joint space, many cartilaginous islets, joint mice, and debris with mineralization were present in severely affected joints. Synovial cells proliferated with intense mononuclear infiltration and soft tissue mineralization. Growth plates had active but defective endochondral ossification with marked variability. Those associated with severe articular deformation were markedly affected compared with milder articular lesions. Cells of proliferating and maturing cartilaginous zones had abnormal column formation. Growth plates with mild lesions had more proliferating chondrocytes with less hypertrophic maturation than normal and defective ossification because of chondrocyte retention. More severely affected growth plates had proliferating chondrocytes that failed to align properly to form orderly columns, and this led to hypertrophy in the maturation zone with defective ossification.
Sections of articular and epiphyseal cartilage stained with Lillie's allochrome and Mason's trichrome revealed similar distribution of the dyes in control and defective calves although defective cartilage matrix had decreased affinity.
Sections of articular cartilage stained with alcian blue and azure A eosinate showed the greatest difference in distribution. Articular cartilage of defective calves did not have the same distribution pattern as that of controls. Decreased affinity for both dyes and loss of metachromasia were present in the interterritorial cartilaginous matrix of defective calves. Territorial dye distribution was only seen in surrounding chondrones. Epiphyseal cartilage of defective calves revealed a notable decrease in stainability, especially with azure A eosinate that was patchy and focal in distribution throughout the interterritorial matrix ( Figs. 1 1, 12) .
The 17 affected calves came from separate herds that used the same bull in their artificial insemination (AI) programs. Four herds provided pedigree charts that indicated related cows within the herd but no relationship between the previous four generations in the genealogic tree. Others supplied registration papers indicating the bull utilized in their A1 program.
Defective calves were reported between the spring of 1979 and 1980, when the incriminated bull was being used in the A1 center. Reports of other bulls producing similar defects in the Angus breed have not been received since 1980. The bull was removed from A1 service in 1980 and since then, affected calves have not been reported.
Discussion
Although craniometrical evaluations are useful for describing craniofacial dysplasias, they are not employed commonly in animals. In cattle, no reports of craniometrical measurements were found in the literature. Examination of brachygnathic calves indicated abnormalities in length and width of palatine and maxillary bones and increased cranial, skull, and facial indices. All are common findings in brachycephalic breeds of dogs but are considered undesirable in Angus cattle.I0 Plasma rheumatoid factor test,27 synovial fluid evalati ion,^^,^^-^^ radiographic finding^,^,^^,^^,^^,^^,^^ and macroscopic and microscopic cartilaginous and subchondral lesions are similar to those in diarthrodial articulations of animals and humans affected with degenerative joint disease. In young cattle, degenerative joint disease may be caused by hereditary fact o r~.~,~,~J~,~~,~~,~~~~~~~ Genealogic evidence suggests that this generalized cartilaginous defect in Angus calves is genetic.
Histochemical staining of tissues indicated a decrease in the collagen and glycosaminoglycan content of both articular and growth plate cartilage of affected calves, with aberrant endochondral ossification. The most dramatic change was seen with azure A eosinate staining, thought to be due to a severe depletion of glycosaminoglycans. Defects in cartilaginous growth plates of brachymorphic mice revealed that extracellular matrix reacted poorly with stains specific for sulfated glycosaminoglycans, suggesting a defect of the proteoglycan component of cartilage. 25 Results in brachygnathic calves suggested a major defect in the glycosaminoglycan rather than the collagen component. 25 Degenerative joint disease has not been reported in cattle in combination with brachygnathia superior. However, a similar syndrome has been described in man; hereditary arthroophthalmopathy or Stickler's Stickler disease lesions include a relatively flat face with cleft palate, slight micrognathia and slight hypertelorism, congenital progressive myopia (frequently with retinal detachment), epiphyseal dysplasia with irregular articular surfaces, and degenerative a r t h r~p a t h y .~~ Contrary to our observations, degeneration of cartilage in Stickler disease is thought to be secondary while affected Angus calves lacked ocular disease.
Embryologically, branchial arches forming the palate are covered by ectomesenchymal cells originating from the neural crest. 13~17, 22 Neural crest cells require glycosaminoglycans, like hyaluronic acid, and other components for progression in their migratory pathway to reach their destination. The migration has been experimentally stopped with hyaluronidase, leading to facial deformities in palatine and maxillary bones.I7 Deficiencies of the ectomesenchymal neural crest derivatives may result in abnormalities of the hyaluronate-rich extracellular matrix in which the crest cells migrate. The matrix also contains chondroitin sulfate, heparin sulfate, fibronectin, type I collagen, laminin, and type IV c011agen.I~ Most are important constituents of articular and growth plate cartilages. Hence, if there is an inherited biochemical disorder, all systems containing the defective component will be affected. It is hypothesized that the genetic disorder in the affected brachygnathic calves led to an aberrant type of, or a decreased amount of, glycosaminoglycan, resulting in facial deformities and degenerative joint disease.
